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GROUND-WATER RESOURCES OF THE MATTAPOISETT RIVER AQUIFER,
PLYMOUTH COUNTY, MASSACHUSETTS:

SUMMARY FOR WATER-RESOURCE MANAGERS

By Virginia de Lima and J. C. Olimpio

ABSTRACT

Proposed increases in municipal pumpage in the Mattapoisett River valley will triple
ground-water withdrawals in the next two decades. Because of growing State and local concern
about the long-term effects of these withdrawals on ground-water levels and streamflow, a
computer ground-water-flow model was developed to assist in water-resource management. An
executive summary of the modeling work, as well as the mathematical and hydrologic principles
used in the hydrogeologic study and the development of the ground-water-flow model are
presented in nontechnical terms accompanied by a detailed glossary.

Monthly ground-water-level measurements, continuous streamflow data, and measure-
ments of low flow on Mattapoisett River were used to develop the steady-state ground-water-
flow model. The model simulates a high-yielding sand and gravel aquifer which fills a bedrock
channel as much as 110 feet deep. Recharge to the aquifer is from precipitation and from
water entering the aquifer from the less permeable material adjacent to it. Ground water flows
horizontally and discharges to the river through the streambed. Water in the aquifer and in the
river is soft and slightly acidic. Water levels calculated by the model were within 4 feet of
observed levels over 90 percent of the model area, calculated ground-water flow to the river
closely matched measured flow, and inflows to the system balanced outflows to within
0.02 percent.

Ten scenarios to represent the current and proposed pumping demands in the valley were
simulated using drought conditions. Under conditions simulating the driest year of record, pre-
dicted water levels in the aquifer were as much as 9 feet lower than average. Under severely
dry conditions simulating only enough recharge to keep the river flowing with no pumping, pre-
dicted water levels were as much as 19 feet lower than average. During the greatest pumping
demands, predicted water level in five wells was low enough to cause the wells to fail. Simu-
lated pumping demands in 6 out of 10 scenarios used all the available ground-water discharge to
the river. Under severely dry conditions, if there were no additional streamflow entering the
river from ponds in the valley, the results indicated that the southern half of the river would
dry up under most pumping plans.

EXECUTIVE SUMMARY
Introduction

The Mattapoisett River and the Mattapoisett River aquifer form a single hydrologic sys-
tem which provides fresh water for water supply, recreation, and agriculture to four communi-
ties in Plymouth County, Massachusetts. Ground water has been the source of municipal water
supply in the Mattapoisett River valley since the early part of this century, and in 1982 supplied
an average of 1 million gallons per day to domestic and commercial users in the towns of
Mattapoisett, Fairhaven, and Marion. In addition, Rochester depends on the aquifer for private
supply. Herring use the Mattapoisett River as a run from the ocean to their spawning area in
Snipatuit Pond, and cranberry growers use the river as a source of water for bog irrigation and
flooding during harvest. Withdrawal of ground water for municipal supply is expected to triple
in the next two decades, and because of the many diverse users, there is a need for careful
water-resource planning based on thorough knowledge of the basin hydrology.



This study is the first under Chapter 800 Massachusetts legislation that provides funds to
quantitatively assess regional ground-water resources in the State. The U.S. Geological Survey,
in cooperation with the Massachusetts Water Resources Commission, selected the sand and
gravel aquifer in the Mattapoisett River valley for detailed study of the ground-water resources
and the interdependence between pumping wells and streamflow.

The purpose of the Mattapoisett River aquifer study is to describe the flow, quantity, and
quality of the water in the stream-aquifer system. A computer simulation model of the system
was developed to aid in the hydrologic description of the system and to provide a management
tool for predicting changes in ground-water levels and variations in streamflow resulting from
alternative water-supply development scenarios.

The Mattapoisett River flows southward from Snipatuit Pond to Buzzards Bay through the
western sections of the towns of Rochester and Mattapoisett (fig. 1). The study area includes
the 23.6 square mile drainage basin which contributes water to Snipatuit Pond or to Mattapoi-
sett River. The focus of the study and the computer model is on an 8 square mile portion of the
basin south of Snipatuit Pond including the river, several tributaries, and the sand and gravel
aquifer.

This report summarizes the results of the hydrogeologic study and the computer model.
Included is background material for those who want to increase their understanding of hydrology
and hydrologic computer modeling. A second report by Olimpio and de Lima, 1984, gives a
thorough, technical discussion of the work ineluding the (1) hydrogeologic characteristics of the
area, (2) development and refinement of the computer model, (3) testing of the alternative
pumping seenarios, and (4) results of those scenarios.

Water Issues in the Mattapoisett River Basin

The Mattapoisett River aquifer supplies 80 percent of the domestic and ecommercial water
needs in the town of Mattapoisett. The municipal supply system includes three separate
pumping centers. One is an infrequently used well field consisting of many small-diameter
wells. The other two are single, large-capacity, gravel-packed wells.

The aquifer also supplies a significant and increasing portion of the water supply for the
towns of Fairhaven and Marion. These towns are located outside the drainage basin, but under
legislation passed in 1889, Fairhaven was granted water rights in the town of Mattapoisett, and
under legislation passed in 1970, Marion was granted water rights in the town of Rochester.
Currently, Fairhaven has a field of small-diameter wells near the mouth of the Mattapoisett
River and a system of three gravel-packed wells near the Mattapoisett-Rochester town line.
Marion has one gravel-packed well on the Rochester side of the town line. The town of
Rochester has no municipal supply, and no wells are planned. Exploration for additional munici-
pal wells continues in the valley. Marion has a test-well site in Rochester, and Mattapoisett has
one in Mattapoisett which, when developed, will replace its well field. Both test sites have
been approved for development by the DEQE (Massachusetts Department of Environmental
Quality Engineering). Fairhaven is planning further tests in Mattapoisett. Current and proposed
public-supply wells for Fairhaven, Marion, and Mattapoisett are shown in figure 2. If all the
proposed wells are developed, total withdrawal is estimated to average 4.5 million gallons per
day by the year 2000. Three quarters of this withdrawal will be removed from the basin either
as water supply for other towns or by sewering.

The location of the municipal supply wells in the Mattapoisett River valley presents a
further concern because most of the current, planned, and proposed wells are close to one
another in the southern part of the basin (fig. 2). If two wells are close together, the lowered
water level resulting from pumping one will reduce the water available to the other and
decrease the total amount of water that can be pumped.

The current and proposed municipal wells are close to the stream and, therefore, can have
an effect on the quantity of water in that section of the stream. Because the stream and the
aquifer are interconnected, increased pumpage will diminish streamflow. The resulting volume
and velocity of the water in the stream might be insufficient to dilute pollutants and keep the
water aerated. Therefore, water-quality problems might result. Insufficient water for herring
to ascend the river to spawn in Snipatuit Pond is another possible effect. The amount of water
in the stream can also affect the wells. Regulation at Snipatuit Pond and at the State-owned
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GLOSSARY

Active model area: That portion of the area simulated by a computer model for which
equations describing ground-water flow are solved. In this report, it is the area
representing the aquifer.

Aquifer: A porous geologic material (for example, sand or sandstone) that will yield water
in significant quantity to a well or spring.

Aquifer test: A test to determine the water-yielding capacity of an aquifer. The test involves
withdrawing a measured quantity of water from a well and measuring the resulting
changes in water Ievel in observation wells surrounding the pumping well. Potential yield
of the well is estimated by analysis of the distance, time, and drawdown data.

Bedrock: Solid rock, locally called "edge," that forms the earth's cerust. It is locally exposed
at the surface as an "outcrop" but more commonly is buried beneath unconsolidated
deposits which range in thickness from a few inches to hundreds of feet.

Computer simulation model: A computer program to solve a set of equations which simulate
a given system. In this study, the equations simulate the ground-water-flow system.

Cone of depression: The area of lowered water level around a pumping well caused by with-
drawal of water from the well.

Conservation of mass: A law. of physies stating that matter can neither be created nor
destroyed except by conversion to energy. In hydrology, the volume of water entering a
system must equal the volume of water leaving the system plus (or minus) the change in
storage.

Contour line: A line on a map connecting points of equal value. A water-table contour
line connects points of equal water-table altitude.

Cubic feet per second (ft3/s): A unit of flow or discharge. For example, 1 ft3/s is equal to
the flow of a stream 1 foot wide and 1 foot deep flowing at an average velocity of 1 foot
per second.

Data: Factual information used as a basis for analysis.

Discharge: The rate of flow of water at a given moment in time. In this report, discharge is
expressed in cubic feet per second. See also ground-water discharge and stream
discharge.

Drainage basin: The area that gathers water originating as precipitation and contributes it
ultimately to a particular stream channel or lake.

Drawdown: The amount the water Ievel is lowered either in a well or in the aquifer because
of withdrawal of water from the well.

Drift: Loose rock material transported by a glacier and deposited either directly by ice or by
running water emanating from the ice.

Dug well: A shallow, large-diameter well dug in the surficial sediments.

Evapotranspiration: Loss of water to the atmosphere by evaporation from water surfaces
and moist soil, and by transpiration from plants.

Gage or gaging station: A site on a stream instrumented to measure the changing height of
the water surface.

Gage height: The water-surface elevation of a stream referenced to some arbitrary level. Also
referred to as "stage."

Glacier: A large perennial mass of ice formed by the compaction and recrystallization of snow.
A glacier moves slowly due to its own weight. A continental glacier can be as much as
1 mile thick.

Gravel-packed well: A large-diameter (1-2 foot) well with gravel surrounding the well sereen.
The gravel increases the effective diameter of the well screen and allows water to flow
into the well more easily.

Ground water: Water when it is beneath the land surface. If the water moves to the land
surface, it is then called surface water.
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Ground-water discharge: Water that is released from the saturated zone of the ground. It
includes leakage of water into stream channels, lakes, and oceans; evapotranspiration; and
withdrawal from wells.

Ground-water-flow model: A computer program to solve a set of equations which simulate
ground-water flow.
Homogeneous: Uniform in composition.

Hydraulic conductivity: Capacity of a cube of porous material to transmit water; expressed
in a volume per area per day (ft3/ft?/d or ft/d). A material has a hydraulic conduc-
tivity of 1 ft/d if, in 1 day, it transmits 1 cubic foot of water through a 1l-square foot
cross section measured at right angles to the direction of flow, where there is a 1-foot
change in water level over a 1-foot flow path.

Hydraulic connection: A stream and aquifer are hydraulically connected if fluctuations in flow
or water level in one can affect the flow or water level in the other.

Hydrologic boundary: A physical feature that controls the flow of water through the grounrd.
A hydraulic boundary limits or defines an aquifer.

Induced infiltration: Recharge to ground water from a surface-water body due to pumping of a
nearby well and the resultant lowering of ground-water level below surface-water level.

Intermittent stream: A stream that is dry during part of the year.

Leaky boundary: Edge of a hydrologic system or model which allows water to either enter or
leave the system.

Meltwater: Water derived from the melting of a glacier.
Model: Physical, analytical, or mathematical representation of a natural system.

Model boundary: Boundary of the active model area in which ground-water flow is computed.
Model boundaries generally coincide with hydrologic boundaries.

Node: In this report, the center point of a rectangular block of a computer-simulation model.
Often used to refer to the entire block.

Observation well: A nonpumping well that is used to measure the depth to the water table.
Outecrop: Exposure of bedrock at the land surface.

Perennial stream: A stream that flows continuously throughout the year.

Permeable: Material is permeable if it has pores or openings that permit liquid to pass through.
Pore space: Open spaces between the grains in a sediment.

Pumpage: Volume of water pumped from a well.

Recharge: Water that is added to the ground water in the saturated zone.

Saturated thickness: Thickness of the saturated portion of an aquifer. In the Mattapoisett
River valley, the difference in altitude between the water table and the bedrock surface.

Saturated zone: A subsurface zone in which all open spaces are filled with water. The water
table is the upper limit of this zone.

Seepage run: A series of streamflow measurements along the length of a stream after a period
of no precipitation when all the streamflow is assumed to be ground-water discharge.
Gains and losses in flow along individual stream reaches are determined from comparison
of the measurements.

Seismic refraction: A geophysical method of determining the depth to the water table or
to bedrock. A seismograph is used to determine the time it takes sound energy created by
a small explosion to reach a series of sensors. Because sound travels at different
velocities in different rock materials and is refracted (bent) at the boundary between
these materials, it is possible to determine depths to different types of material.

Spawning area: Area where fish deposit eggs.
Stage: See "Gage height".
Steady state: Average, natural, unchanging conditions.
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Stratified drift: A sorted and layered sediment deposited by meltwater from a glacier; may
include separate layers of sand, gravel, silt, and clay.

Stream-aquifer system: An aquifer and a stream that are hydraulically connected.

Streamflow measurement: Measurement of streamflow. Units of flow are cubic feet per
second. Also referred to as discharge measurement.

Surface runoff: Water that moves over the land surface directly to streams or lakes. Surface
runoff usually occurs shortly after rainfall or snowmelt.

Surface water: Water when it is on the surface of the land in lakes and rivers. If it seeps into
the ground, it is called ground water.

Surficial sediments (deposits): Unconsolidated deposits lying on top of bedrock.

Till: An unsorted, unstratified sediment deposited direetly by a glacier. Till may be composed
of boulders, gravel, sand, silt, and clay.

Transpiration: The release of water vapor to the atmosphere by plants.

Unconsolidated: Loose, not firmly cemented or interlocked; for example, sand in contrast to
sandstone.

Volatile organic compound: Chemiecal which vaporizes when exposed to air. Many highly toxic
solvents are volatile organic compounds.

Water table: The upper surface of the saturated zone. The altitude of the water table is
indicated by the altitude of the water level in an observation well which penetrates to the
bottom of the aquifer and allows water to enter the well at any level.

Water year: A continuous 12-month period Oectober 1 through September 30, during which
streamflow fluctuates from low to high and back to low. It is designated by the calendar
year in which it ends.

Well capacity: Highest rate at which water can be withdrawn from a particular well.

Well field: a group of small-diameter (usually 2.5 inch) wells connected to a single pump.

Well screen: Slotted section of a well, usually at the bottom, through which water can enter
the well.
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GROUND-WATER RESOURCES OF THE MATTAPOISETT RIVER AQUIFER,
PLYMOUTH COUNTY, MASSACHUSETTS

EXECUTIVE SUMMARY

By Virginia de Lima and J. C. Olimpio

Excerpted from U.S. Geological Survey
Water-Resources Investigations Report 84-4023.

INTRODUCTION

The Mattapoisett River and the Mattapoisett River aquifer form a single
hydrologic system which provides fresh water for water supply, recreation, and
agriculture to four communities in Plymouth County, Massachusetts. Ground
water has been the source of municipal water supply in the Mattapoisett River
valley since the early part of this century, and in 1982 supplied an average of
1 million gallons per day to domestic and commercial users in the towns of
Mattapoisett, Fairhaven, and Marion. In addition, Rochester depends on the
aquifer for private supply. Herring use the Mattapoisett River as a run from the
ocean to their spawning area in Snipatuit Pond, and cranberry growers use the
river as a source of water for bog irrigation and flooding during harvest. With-
drawal of ground water for municipal supply is expected to triple in the next two
decades, and because of the many diverse users, there is a need for careful water-
resource planning based on thorough knowledge of the basin hydrology.

This study is the first under Chapter 800 Massachusetts legislation that
provides funds to quantitatively assess regional ground-water resources in the
State. The U.S. Geological Survey, in cooperation with the Massachusetts Water
Resources Commission, selected the sand and gravel aquifer in the Mattapoisett
River valley for detailed study of the ground-water resources and the inter-
dependence between pumping wells and streamflow.

The purpose of the Mattapoisett River aquifer study is to deseribe the flow,
quantity, and quality of the water in the stream-aquifer system. A computer sim-
ulation model of the system was developed to aid in the hydrologic description of
the system and to provide a management tool for predicting changes in ground-
water levels and variations in streamflow resulting from alternative water-supply
development scenarios.



Mattapoisett River flows southward from Snipatuit Pond to Buzzards Bay
through the western sections of the towns of Rochester and Mattapoisett. The
study area includes the 23.6 square mile drainage basin which contributes water to
Snipatuit Pond or to Mattapoisett River. The focus of the study and the computer
model is on an 8 square mile portion of the basin south of Snipatuit Pond including
the river, several tributaries, and the sand and gravel aquifer (fig. 1).

Two reports summarize the results of the hydrogeologic study and the com-
puter model. "Ground-Water Resources of the Mattapoisett River Valley, Plymouth
County, Massachusetts" by Olimpio and de Lima (1984) gives a thorough, technical
discussion of the work including the (1) hydrogeologic characteristics of the area,
(2) development and refinement of the computer model, (3) testing of the alter-
native pumping scenarios, and (4) results of those scenarios. The second report,
"Ground-Water Resources of the Mattapoisett River Aquifer, Plymouth County,
Massachusetts: Summary for Water-Resource Managers" by de Lima and Olimpio
(1984) is a non-technical summary of the study. Included is background material
for those who want to increase their understanding of hydrology and hydrologic

computer modeling.
WATER ISSUES IN THE MATTAPOISETT RIVER BASIN

The Mattapoisett River aquifer supplies 80 percent of the domestic and
commercial water needs in the town of Mattapoisett. The municipal supply system
includes three separate pumping centers. One is an infrequently used well field
consisting of many small-diameter wells. The other two are single, large-capacity,
gravel-packed wells.

The aquifer also supplies a significant and increasing portion of the water
supply for the towns of Fairhaven and Marion. These towns are located outside the
drainage basin, but under legislation passed in 1889, Fairhaven was granted water
rights in the town of Mattapoisett, and under legislation passed in 1970, Marion was
granted water rights in the town of Rochester. Currently, Fairhaven has a field of
small-diameter wells near the mouth of the Mattapoisett River and a system of
three gravel-packed wells near the Mattapoisett-Rochester town line. Marion has
one gravel-packed well on the Rochester side of the town line. The town of
Rochester has no municipal supply, and no wells are planned. Exploration for
additional municipal wells continues in the valley. Marion has a test-well site in
Rochester, and Mattapoisett has one in Mattapoisett which, when developed, will
replace its well field. Both test sites have been approved for development by the

Massachusetts Department of Environmental Quality Engineering. Fairhaven is
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planning further tests in Mattapoisett. Current and proposed publie-supply wells
for Fairhaven, Marion, and Mattapoisett are shown in figure 1. If all the proposed
wells are developed, total withdrawal is estimated to average 4.5 million gallons
per day by the year 2000. Three quarters of this withdrawal will be removed from
the basin either as water supply for other towns or by sewering.

The location of the municipal supply wells in the Mattapoisett River valley
presents a further concern because most of the current, planned, and proposed
wells are close to one another in the southern part of the basin (fig. 1). If two
wells are close together, the lowered water level resulting from pumping one will
reduce the water available to the other and decrease the total amount of water
that can be pumped.

The current and proposed municipal wells are close to the stream and,
therefore, can have an effect on the quantity of water in that section of the
stream. Because the stream and the aquifer are interconnected, increased pump-
age will diminish streamflow. The resulting volume and velocity of the water in
the stream might be insufficient to dilute pollutants and keep the water aerated.
Therefore, water-quality problems might result. Insufficient water for herring to
ascend the river to spawn in Snipatuit Pond is another possible effect. The amount
of water in the stream can also affect the wells. Regulation at Snipatuit Pond and
at the State-owned fish hatchery off Hartley Road sometimes reduces the flow in
the river. During the summer and fall, when water is pumped from the river for
cranberry irrigation and harvesting, the flow is again reduced. Substantial
reduction in streamflow lessens the amount of surface water which could be drawn
into the ground, and thus into the wells. Without this source of water, the wells
probably would be unable to maintain the current pumpage.

Because of the complexly interrelated stresses affecting the aquifer and the
stream in the Mattapoisett River basin, a ground-water-flow model was developed
whose response to applied stresses, such as pumpage, is similar to the response of
the actual aquifer. Such a model not only helps in understanding the hydrologic
system, but also can be used as a management tool to efficiently predict the
response of the aquifer to proposed development.

SIMULATION OF GROUND-WATER FLOW USING A COMPUTER MODEL
Comparisons of monthly precipitation, water-level, and streamflow data

gathered during this study and long-term mean annual data, indicated that average
conditions were most closely approximated in May 1982. As a result, the ground-
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water-flow model was based on May 1982 water-level and streamflow data. The
response of the aquifer to the pumping stresses simulated by the model closely
matched the observed response of the aquifer. This indicates that the model can
be used to prediect how the aquifer will respond to proposed development. To
demonstrate the predictive use of the model, 10 scenarios were developed which
represent current and planned pumpage under drought conditions. These scenarios
provide illustrative examples of the cause-and-effect relation of pumping, water
level, and streamflow. An indepth description of the scenarios and the results of
the scenarios are given in each of the two reports. Planners and decisionmakers
can use the tables and maps to determine (1) if wells will be able to maintain the
pumping rates proposed, (2) how much the water table will be lowered by the
proposed withdrawals, and (3) how these withdrawals will affect the amount of
water in the stream. The results of these and future scenarios developed by the
State and the communities involved can be used to devise a comprehensive
water-resources management plan for the region.

In the 10 illustrative scenarios, three levels of pumping stress were ana-
lyzed: (1) the average pumping rate for the summer (June, July, and August),
(2) the average pumping rate for the highest month (July), and (3) the maximum
daily pumping rate of each well (the well capacity). The 10 scenarios were run
under both dry and severely dry conditions. The dry condition was based on the
total precipitation at Rochester, Massachusetts, during the driest year of record,
1965. The severely dry condition was based on an estimate of how much precipi-
tation would be needed to keep the river flowing when no wells were pumping.

Each of the 10 scenarios represented an increase in pumpage above average
(1982) conditions. Therefore, water levels would drop throughout the aquifer
because more water would be withdrawn from the system. Under dry conditions,
with all the current and proposed wells pumping, the water table in some areas
would be more than 9 feet lower than average levels, and the model predicted that
four wells could fail. Under severely dry conditions, the water table would be as
much as 19 feet lower than average and five wells could fail if pumped at
capacity. Also, because the amount of water in a stream-aquifer system is finite
and the amount of ground water withdrawn from wells is no longer available for
discharge to the river, the flow of the Mattapoisett River decreases as total pump-
age increases. In the six scenarios representing the greatest pumpage under severe-
ly dry conditions, the wells intercepted all the ground water that would have
entered the stream in that area and would have drawn water from the stream into
the ground if it had been available. Hypothetically, streamflow could be augmented

to meet this need if water stored in ponds in the valley were released to the stream.
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Scenario 10 pumping under severely dry conditions may be considered a
"worst case" situation in that it simulated pumping from all current and proposed
wells in the valley with no streamflow augmentation or artificial recharge from
surface-water impoundments. In this scenario, the model indicated that the river
would be dry from the confluence of Branch Brook south of Wolf Island Road to the
ocean. An additional 2.61 cubic feet per second of surface water would have been
drawn into the ground under these conditions if it had been available. Without this
additional surface water, the given pumping rates would result in increased
drawdowns and probably well failure.
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